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Background: Chest imaging is essential in the assessment of respiratory disease in cystic ﬁbrosis (CF). High-resolution computed tomography
(HRCT) can detect progressive lung disease but involves signiﬁcant delivered dose of ionizing radiation. Magnetic resonance imaging (MRI) is
radiation-free but is rarely used in CF. Based on the limited information on the potential interest of chest MRI in CF pediatric patients, the aims of
our study were: 1) to evaluate and compare the reproducibility of HRCT and MRI scores; and 2) to evaluate the agreement between HRCT and
MRI scores using both Helbich and Eichinger scores.
Methods: In this prospective study, CF children who were having a HRCT for their routine assessment were proposed to perform a chest MRI the
same day. 17 patients were included (median age 12.7 years). Two radiologists scored independently HRCT (Helbich score) and MRI (Helbich
and Eichinger scores); and established a consensus score. Concordance was assessed using the Intraclass Correlation Coefﬁcient (ICC); and the
inter-observer reproducibility between methods was compared using Fisher's Z test for dependent observations.
Results: Concordance between readers was almost perfect for HRCT score (ICC = 96%) and MRI-Eichinger score (84%), and substantial for MRI-
Helbich score (68%). Correlation was strong between HRCT andMRI (r = 0.86 and 0.91 for HRCT and respectivelyMRI-Eichinger andMRI-Helbich
scores) and the concordance almost perfect and substantial (ICC = 86% and 78% for HRCT and respectivelyMRI-Eichinger andMRI-Helbich scores).
Conclusions: We showed that, in CF children, MRI could adequately visualize lung morphologic changes when compared with the “gold-
standard” HRCT. Regarding the potential cancer risks from associated ionizing radiation with HRCT, these results lead us to propose larger
intervals of time between two lung HRCTs with realization of lung MRI in the meantime.
© 2013 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.Keywords: Cystic ﬁbrosis; Children; Lung HRCT; Lung MRI1. Introduction
Cystic fibrosis (CF) is the most common severe autosomal
recessive genetic disease in Caucasians caused by mutations in⁎ Corresponding author at: Hôpital Trousseau, Pediatric Pulmonary Department,
26, Avenue du Dr Netter, 75012 Paris, France. Tel.: +33 1 44 73 61 74; fax: +33 1
44 73 67 18.
E-mail address: harriet.corvol@trs.aphp.fr (H. Corvol).
1 Equally contributed.
1569-1993/$ -see front matter © 2013 European Cystic Fibrosis Society. Published
http://dx.doi.org/10.1016/j.jcf.2013.09.003the gene encoding the cystic fibrosis transmembrane conductance
regulator (CFTR), a chloride channel expressed in epithelial cells
throughout the body. The disease affects many organs but most
critically the lungs; and CF lung disease still remains the major
cause ofmorbidity andmortality. Thanks to earlier diagnosis, better
nutritional support and mucus drainage, and better diagnosis and
treatment of CF-related complications, significant improvement
in the survival and clinical status of CF patients has been achieved
in the last decade [1]. Efficiently monitoring respiratory disease
progression is thus of great importance to adapt proper care.by Elsevier B.V. All rights reserved.
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respiratory disease of children and adults with CF. The European
consensus recommends a systematic annual chest X-ray, that
should be reiterated within one year only when there is a strong
clinical suspicion of new developments of the respiratory disease
[2]. High-resolution computed tomography (HRCT) is more
sensitive than chest X-rays, especially to detect early and
progressive lung disease [3]. However, it is unclear at what age
HRCT should be started, and how often it should be done with no
current recommendations. HRCT involves indeed a significant
delivered dose of ionizing radiation and its routine use has
therefore been questioned in the context of improved long term
survival [4,5].
In this context, proton magnetic resonance imaging (MRI),
a radiation free imaging, has emerged as an interesting tool to
image the lung [6–8]. A radiation-free alternative would
indeed be particularly attractive especially in children with a
chronic lung disease as CF [9–12]. For several years, a team in
Germany (Heidelberg) has been evaluating lung MRI and
HRCT in children and adults with CF [13–16]. Using a score
currently applied to evaluate lung HRCT, the Helbich
(modified Bhalla) score [17,18], the authors reported that
lung MRI was indeed an interesting alternative to HRCT. They
observed that MRI was comparable to HRCT for the detection
of morphologic changes in the CF lungs, allowing the visualiza-
tion of bronchiectasis, bronchial wall thickening, mucus plugging,
air fluid levels, consolidation and destruction [15,19]. However,
they also observed that the Helbich score was not easily adaptable
to MRI, leading Eichinger et al. few years later to develop a
specific lung-MRI score [14]. To our knowledge, no comparison of
the MRI-Helbich and MRI-Eichinger scores has been investigated
so far. Recently, another team in The Netherlands also showed that
chest-MRI was a promising radiation-free imaging tool to assess
structural lung abnormalities in CF patients [20].
Based on the limited information on the potential interest
of chest MRI in CF pediatric patients, and on the agreement
of different scoring systems, the aims of our study were:
1) to evaluate and compare the reproducibility of HRCT
and MRI scores; and 2) to evaluate the agreement between
HRCT and MRI scores using both Helbich and Eichinger
scores.
2. Materials and methods
2.1. Patients
This prospective study took place in the pediatric CF Center
of Trousseau Hospital from January 2011 to July 2012. In our
center, and besides clinical suspicion of new developments of
the respiratory disease, CF children have an annual chest X-ray
and a HRCT every 3 years. For this study, we proposed to the
patients who were having a HRCT between January 2011 and
July 2012 for their routine assessment to perform a chest MRI
the same day. Only patients regularly followed in our CF
Center and older than 8 years old were included. Patients and
parents were informed of the nature and goal of the investigations
performed and gave their informed consent. The study wasapproved by the hospital ethics committee. No sedation was used
for either HRCT or MRI.
2.2. HRCT examinations
Chest helical HRCT were performed using a Mx8000 IDT
32 16-slice multidetector CT (Philips, Best, The Netherlands)
with scan acquisition at 90 kV, 90 mA s, 1-mm collimation,
inspiration breath hold and 1-mm reconstruction with a high
special frequency algorithm.
2.3. MRI examinations
Chest MRI was performed using a 1.5-TMR scanner (Achieva,
Philips Healthcare, Best, The Netherlands) using a four-element
phased-array surface coil (SENSE body, Philips Healthcare, Best,
The Netherlands) in the head-first position. Images were acquired
after contrast media injection [0.1 mmol/kg, Gadoteric acid
(Dotarem, Guerbet)]. To reduce imaging time, pre-contrast
images were not acquired.
All the sequences below were acquired for each patient
and used altogether for scoring, with the following order and
parameters:
– Ultra-fast gradient echo sequence – T1-weighted high resolu-
tion isotropic volume examination (THRIVE) – repetition time
(TR)/echo time (TE)/flip angle (FA) 4 ms/2 ms/10°, slice
thickness 2 mm, patient-adapted field of view (FOV), transver-
sal orientation, end-inspiratory breath hold, total imaging time
approximately 15 s, number of slices 113;
– T1-weighted turbo spin-echo sequence — TR/TE/FA
629 ms/11 ms/90°, slice thickness 4 mm, patient-adapted
FOV, transversal orientation, total imaging time approxi-
mately 5 min and 27 s, number of slices 40;
– T1-weighted fast field echo (FFE) — TR/TE/FA 105 ms/2.3
(in-phase) and 4.7 (out-of-phase) ms/80°, slice thickness 5 mm,
patient-adapted FOV, coronal orientation, end-inspiratory
breath hold, total imaging time approximately 33 s, number of
slices 25;
– T2-weighted turbo spin-echo sequence — TR/TE/FA
5552 ms/30 ms/90°, slice thickness 4 mm, patient-adapted
FOV, transversal orientation, respiratory-gated acquisition,
total imaging time approximately 27 s, number of slices 25;
– T2-weighted turbo spin-echo sequence — TR/TE/FA
2000 ms/30 ms/90°, slice thickness 4 mm, patient-adapted
FOV, coronal orientation, respiratory-gated acquisition, total
imaging time approximately 50 s, number of slices 25.
2.4. Image analyses
Image analyses were done by 2 independent readers with
20 years (reader 1 (R1, HDLP)) and 4 years (reader 2 (R2, CS)) of
experience in pediatric respiratory radiology. They firstly scored
independently chest HRCT and chest MRI; and secondly
established a consensus score for each parameter. For HRCT,
they applied the scoring system developed by Helbich et al.,
maximum 27 [18]. For MRI, two scores were used: 1) the score
Table 1
Between-reader concordance of HRCT and MRI morphological lung scores.
Max possible
score
Range
used
ICC
HRCT (Helbich) 27 1–18 96%
Severity of bronchiectasis 3 0–3 92%
Severity of peribronchial wall thickening 3 0–3 53%
Extent of bronchiectasis 3 0–3 79%
Extent of mucous plugging 3 0–3 94%
Extent of sacculations or abscesses 3 0–2 88%
Generations of bronchial divisions involved 3 0–3 93%
Severity of bullae 3 0–1 100%
Severity of emphysema 2 0–0 100%
Severity of mosaic perfusion 2 0–2 84%
Severity of collapse or consolidation 2 0–1 100%
MRI (Helbich) 27 2–17 68%
Severity of bronchiectasis 3 0–3 75%
Severity of peribronchial wall thickening 3 0–3 56%
Extent of bronchiectasis 3 0–3 60%
Extent of mucous plugging 3 0–3 66%
Extent of sacculations or abscesses 3 0–1 0%
Generations of bronchial divisions involved 3 0–3 45%
Severity of bullae 3 0–0 100%
Severity of emphysema 2 0–0 100%
Severity of mosaic perfusion 2 0–2 65%
Severity of collapse or consolidation 2 0–1 100%
MRI (Eichinger) 60 0–24 84%
Bronchiectasis/wall thickening 12 0–12 73%
Mucus plugging 12 0–12 88%
Abscesses/sacculations 12 0–0 100%
Consolidation 12 0–2 40%
Special findings 12 0–0 100%
Abbreviations: HRCT: high-resolution computed tomography; MRI: magnetic
resonance imaging.
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developed by Eichinger et al. for semi-quantitative evaluation of
CF lung disease using MRI [14]. As the functional parameter
of the score, evaluating the functional impairment, was not
considered for this study, the maximum possible score was 60
[16]. For MRI, the sequences altogether were used to score. Each
reader was blinded to the patients' clinical and functional data and
to the other reader's and score's findings. Within one-month
interval, the radiologists read firstly MRI using Eichinger score,
then MRI using Helbich score, and finally HRCT using Helbich
score.
2.5. Statistical methods
Quantitative variables were expressed as median and range.
Pearson's correlation coefficient was used to correlate scores.
The concordance was assessed using the Intraclass Correlation
Coefficient (ICC) computed as the ratio of between patients
variance to overall variance. Bland and Altman plots were
used to summarize the concordance among methods; limits of
agreement were computed for comparing methods [21]. The
Landis & Koch interpretation scale was used to qualify the
strength of concordance: ICC b 0 “none”, 0.0 b ICC b 0.2
“slight”, 0.2 b ICC b 0.4 “fair”, 0.4 b ICC b 0.6 “moderate”,
0.6 b ICC b 0.8 “substantial” and ICC N 0.8 “almost perfect”
[22]. Inter-observer reproducibility between methods was
compared using Fisher's Z test for dependent observations
[23]. Concordance levels of HRCT with the 2 MRI approaches
were compared with a permutation test: 1000 permuted
samples were obtained by randomly permuting the 2 MRI
measurements in each individual. The p-value was com-
puted as the percentage of permuted ICC differences more
extreme than the observed ICC difference. The threshold
for statistical significance was p = 0.05. All tests were 2
sided.
3. Results
3.1. Patients
17 CF children were prospectively included: 9 females, 8
males; median age 12.7 years [range: 9.1–20.2 years]. Among
the 17 patients, 15 were pancreatic insufficient and none had
CF-related liver disease or diabetes. Median FEV1 was 84%
[range: 48–118%] and FVC 85% [range: 74–112%].
3.2. Concordance between the readers
Concordance between the scores of the two readers was
calculated for HRCT and for MRI with the two scoring systems
(Table 1). Median HRCT score for R1 was 10 [range: 1–18], and
11 for R2 [range: 1–18]; the median consensus score was 11
[range: 1–18]. Overall, the concordance between readers was
“almost perfect” for HRCT scores (ICC: 96%). It was also “almost
perfect” (ICC N 80%) for all components, except for “extent
of bronchiectasis” (ICC = 79%, “substantial” concordance)and “severity of peribronchial wall thickening” (ICC = 52%,
“moderate” concordance).
Median MRI-Helbich score for R1 was 9 [range: 2–17], and
12 for R2 [range: 7–17]. Overall, the concordance was
“substantial” (ICC = 68%). For the sub-items, the concordance
ranged from “substantial” (ICC = 75% for “severity of bronchi-
ectasis”) to “slight” (ICC = 0% for “extent of sacculations or
abscesses”, parameter however scored only 1, and in 1 patient). It
was “almost perfect” (ICC = 100%) for 2 items (“severity of
bullae” and “severity of emphysema”), however, those two items
were never reported.
Median MRI-Eichinger score for R1 was 13 [range: 2–24],
and 9 for R2 [range: 0–19]. Overall, the concordance between
readers was “almost perfect” with this score (ICC = 84%).
Similarly to the MRI-Helbich score, the concordance was perfect
for the sub-item “abscesses/sacculations” (ICC = 100%), but
none was reported. Otherwise, the concordance was “almost
perfect” for “mucus plugging” (ICC = 88%), and “substantial”
for “bronchiectasis/wall thickening” (ICC = 73%); but “moder-
ate” for “consolidation” (ICC = 40%).
Overall, the concordance between readers was larger for
HRCT than that for either MRI scores (Eichinger p = 0.013;
Helbich p = 0.0002); the difference between the 2 MRI scores
being less marked (p = 0.19).
Table 2
Concordance of the Helbich score for HRCT and MRI.
Max
pts
Range used
(CT)
Range used
(MRI)
ICC
Total score 27 1–18 6–16 78%
Severity of bronchiectasis 3 0–3 1–3 79%
Severity of peribronchial
wall thickening
3 1–2 1–2 47%
Extent of bronchiectasis 3 0–3 1–3 76%
Extent of mucous plugging 3 0–3 0–3 75%
Extent of sacculations or abscesses 3 0–1 0–1 47%
Generations of bronchial
divisions involved
3 0–3 2–3 36%
Severity of bullae 3 0–1 0–0 0%
Severity of emphysema 2 0–0 0–0 100%
Severity of mosaic perfusion 2 0–2 0–2 60%
Severity of collapse or
consolidation
2 0–1 0–1 56%
Abbreviations: HRCT: high-resolution computed tomography; MRI: magnetic
resonance imaging.
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A consensus measurement was obtained for each patient and
with each score. The number of changes between the initial and
the consensus score was similar for each reader (30 changes/58
readings), as was the magnitude of score changes (1.9 vs. 2.0
points on average).
The median consensus score was 11 [range: 1–18] for
HRCT, 11 [range: 0–20] for MRI-Eichinger, and 12 [range: 6–
16] for MRI-Helbich. The correlation was strong between
HRCT and MRI-Eichinger scores (r = 0.86, p b 0.0001), the
concordance “almost perfect” (ICC = 86%), with 2 measure-
ments in the same person less than 7 points away (limits of
agreement [−6.6, 6.6] CI95%). HRCT and MRI-Helbich scores
were strongly correlated (r = 0.91, p b 0.0001), and exhibited
“substantial” concordance (ICC = 78%), with 2 measurements
in the same person less than 7 points away (limits of agreement
[−6.7, 6.7] CI95%). The concordance of each MRI score with
HRCT was similar (0.86 vs. 0.78, permutation test, p = 0.295).
We observed, as illustrated in Fig. 1 (left), that although well
correlated and concordant, the score ranges with MRI were
narrower than those with HRCT. The Bland & Altman plot in
Fig. 1 (right) shows a systematic pattern, with MRI scores
always less extreme than the corresponding HRCT scores, in
low as well as in large measurements.
The concordance between the sub-items of HRCT and
MRI-Helbich scores is detailed in Table 2. Some sub-items
exhibited a “substantial” concordance, such as “severity
of bronchiectasis” (ICC = 79%), “extent of bronchiectasis”
(ICC = 76%) and “extend of mucous plugging” (ICC = 75%).
The least concordant items were “severity of peribronchial wall
thickening” (ICC = 47%), “generations of bronchial divisions
involved” (ICC = 36%) and “extent of sacculations or abscesses”
(ICC = 47%). The “severity of bullae” was also poorly
concordant, however it was only reported once in all readings
with a score of 1 out of 3.Fig. 1. Comparison of HRCT and MRI Helbich scores. (Left) HRCT (high-resolution
for each patient. The points were jittered to avoid overlap. (Right) Bland–Altman pFigs. 2 and 3 illustrate the HRCT/MRI concordance for the
detection of bronchiectasis, peribronchial wall thickening and
mucous plugging on CT and MRI. Moreover, Fig. 3 shows the
presence of a patchwork of regions of different intensities on T2
respiratory-gated lung MRI in relation with a mosaic attenuation
pattern (compared to HRCT images acquired at suspended
end-inspiratory volume).
4. Discussion
In this study, we showed that, in CF children, MRI could
adequately visualize lung morphologic changes when com-
pared with HRCT, considered as the “gold standard”. So far,
only two teams worldwide, in Germany and The Netherlands,
reported that MRI provided information comparable to HRCT
in CF [15,19,20]. We observed an overall concordance between
readers along with a good correlation between HRCT and MRI,computed tomography) and MRI (magnetic resonance imaging) Helbich scores
lot of HRCT and MRI score differences according to average score.
Fig. 2. Lung HRCT and MRI for 2 patients with cystic fibrosis. Transverse lung HRCT (high-resolution computed tomography) (a, b), T2-weighted (c) and
T1-weighted post-contrast lung MRI (magnetic resonance imaging) obtained for a 16-year-old (a, c) and for an 11-year-old (b, d) patient with cystic fibrosis.
Bronchiectasis (white arrows), peribronchial wall thickening (black arrows) and mucous plugging (stars) are well depicted.
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to evaluate CF lung disease and to detect respiratory changes.
The HRCT image scoring method had an almost perfect
inter-observer reliability (ICC for the total score: 96%). The only
exception was in the assessment of the severity of the
peribronchial wall thickening (ICC = 53%), this parameter being
known as more subjective [17]. The inter-observer reliability was
smaller for MRI measurements, although it remained “almost
perfect” with the Eichinger score (ICC = 84%) and “substantial”
with the Helbich score (ICC = 68%). Altogether, the correlation
and concordance were large between HRCT and the two MRI
scores. Importantly, a systematic pattern existed causing the
scores' range to be reduced with MRI compared to HRCT: the
scores were less extreme with MRI than with HRCT. This
difference might be explained by the reduced spatial resolution of
MRI compared to CT.
We also evaluated the HRCT/MRI concordance of the
several sub-items of the scores, this evaluation being possible
when the same scoring method was applied, i.e. with the
Helbich score. The best concordances were observed for
“severity of bronchiectasis” and “extend of bronchiectasis”, a
major CF feature. Puderbach et al. had however previously
shown that the spatial resolution of MRI was not high enough
to differentiate between bronchiectasis and wall thickening,especially in the periphery of the lung [15]. The direct
visualization of the airways with MRI is indeed limited to
airways with diameters larger than 3 mm, unless filled with
bright materials such as retained mucus. With a higher spatial
resolution, HRCT is known to better visualize small peripheral
airways than MRI [6,15,19,24]. Despite these limitations, we
observed in our pediatric CF patients that MRI was comparable
to HRCT in the detection of bronchiectasis.
The HRCT/MRI concordance was also “substantial” for
“extent of mucous plugging”, known to be well visualized with
MRI, even in the small airways (high T2 signal and no
enhancement on T1-weighted images) [19,24]. Moreover, thanks
to the T2 respiratory-gated acquisitions, we surprisingly observed
a “substantial” concordance in the detection of the “mosaic
perfusion”, better defined, according to the glossary of terms for
thoracic imaging of the Fleischner Society, as a “mosaic
attenuation pattern” [25]. Air trapping due to bronchial or
bronchiolar obstruction may produce focal zones of decreased
attenuation, an appearance that can be enhanced by using
expiratory images on CT images [25]. Air trapping is indeed
known to be barely visible on morphological MRI images, as
healthy lung parenchyma already exhibits a very low signal [15].
Failo et al. had previously shown patches of parenchyma with
reduced signal intensity in end-expiratory MRI scans [20].
Fig. 3. Lung HRCT and MRI for 2 patients with cystic fibrosis. Transverse end-inspiratory breath hold lung HRCT (high-resolution computed tomography) (a, b) and
T2 respiratory-gated lung MRI (magnetic resonance imaging) (c, d) obtained for a 19-year-old (a, c) and for an 8-year-old (b, d) patient with cystic fibrosis. The
presence of a patchwork of regions of different densities and intensities in relation with a mosaic attenuation pattern is shown (asterisks). Bronchiectasis with mucous
plugging (stars) is well depicted.
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Helbich score between MRI and HRCT, we noticed that the
parameters “emphysema” and “bullae” were not appropriate,
as previously shown by the German team. Indeed, in our
pediatric population no patient had emphysema, and only one
had bullae detected on HRCT. It is recognized that these
parameters cannot be adequately assessed by MRI, as the
decrease in proton density does not lead to a substantial and
visible decrease of lung signal [14,15]. Moreover, this could
also be a “population” effect, as these features are more
frequent in adults than in children. Similar observations led the
German team to remove these parameters from the Eichinger
score [18].
We also scored the MRI using the score from Eichinger et al.,
and observed that the highest score was only 18% of the
maximum. Indeed, among this score's sub-items, “abscesses/
sacculations”, “consolidation” and “special findings” were very
rarely rated by the readers. As these parameters were uncom-
monly documented, the results may be explained by the small
size of our study population, and not by MRI technical
limitations. Although we observed no difference for the two
MRI scoring systems in terms of reproducibility and relationship
with HRCT, the two readers were subjectively found to be more
confident with the MRI-Eichinger score. Nonetheless, this score
took less time, with fewer items to quote, compared to theMRI-Helbich score. As such, we would suggest the use of the
MRI scoring system proposed by Eichinger et al.
We showed that slight lung morphological changes were
more difficult to identify in MRI readings, leading to less
extreme scores than with HRCT. These results were most likely
explained by the reduced spatial resolution of MRI compared to
CT. This raises two issues: first, it highlights the need for a
specific training for lung MRI analysis that was also evidenced
by the reduced inter-observer concordance; second, it questions
the clinical interest of visualizing mild abnormalities in the
follow-up of CF patients, as best practice guidelines are not
dependent on them [2]. Given the present limitations in MRI
due to structural limitations (reduced spatial resolution), need
for a specific training, availability and cost, it is likely that
HRCT will remain the “gold-standard” for lung imaging in CF.
However, our results show that, when available and accepted
by physicians, MRI can be considered as an alternative to
HRCT. Reducing the frequency of HRCT in children with CF
is desirable, especially in children who are more radiosensitive
than adults [26]. A recent large retrospective study has indeed
shown that radiation exposure from CT scans in childhood was
associated with subsequent risk of leukemia and brain tumors
[27]. Moreover, a recent linkage study of 11 million Australian
patients aged 0–19 years has shown that the increased
incidence of cancer after CT scan exposure was mostly due to
204 C. Sileo et al. / Journal of Cystic Fibrosis 13 (2014) 198–204irradiation [28]. This has to be paralleled with the increasing life
expectancy in CF [4,5]. As introduced, there are no international
recommendations regarding the age at which HRCT should be
started and how often it should be performed. Thus, it could be
proposed for the follow-up of children with CF to allow larger
intervals of time between 2 HRCT, and to include lung MRI
imaging in the meantime using the scoring system proposed by
Eichinger et al. Large multicentric studies will be needed in the
future to confirm lung-MRI reliability in a wide range of CF lung
disease and to include its practice into CF clinical care.
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